When given to sheep as a single oral dose at 0.1 mg/kg, the Bia component of the avermectins caused a reduction of >95% in the numbers of Haemonchus contortus, Ostertagia circumcincta (including inhibited L4 larvae), Tricho- Fermentation-derived natural products which are attributed with anthelmintic activity have been described in the literature. Hygromycin B, which has been used in treating domestic animals in practice, was described in 1958 (8). It was shown to have some effect upon adult swine ascarids when fed to infected pigs (7) but found ineffective against the migrating larvae of Ascaris suum (6). The principal utility of hygromycin B appears directed against members of the nematode order Ascaroidea. In this paper we report the anthelmintic activity of a natural product, the B18 component of the avermectins (3, 9), an a-L-oleandrosyl-a-L-oleandroside macrocyclic lactone, against nematode parasites of cattle, sheep, dogs, and chickens.
Fermentation-derived natural products which are attributed with anthelmintic activity have been described in the literature. Hygromycin B, which has been used in treating domestic animals in practice, was described in 1958 (8) . It was shown to have some effect upon adult swine ascarids when fed to infected pigs (7) but found ineffective against the migrating larvae of Ascaris suum (6) . The principal utility of hygromycin B appears directed against members of the nematode order Ascaroidea. In this paper we report the anthelmintic activity of a natural product, the B18 component of the avermectins (3, 9) , an a-L-oleandrosyl-a-L-oleandroside macrocyclic lactone, against nematode parasites of cattle, sheep, dogs, and chickens.
MATERIALS AND METHODS Sheep. Sheep raised under "parasite-free" conditions (i.e., management conditions designed to ensure minimal exposure to helminth infection) and weighing between 14 and 25 kg at the time of treatment were experimentally infected with third-stage infective larvae of six nematode species, passaged in the laboratory as pure isolates, according to the following: day 0, 360 Oesophagostomum columbianum; day 16, 7,500 Ostertagia circumcincta and 7,500 Trichostrongylus colubriformis; day 18, 7,500 Trichostrongylus axei and 7,500 Cooperia oncophora; day 21, 2,000 Haemonchus contortus. The isolates of T. colubriformis and H. contortus used to infect sheep were tolerant to benzimidazole anthelmintic treatment, requiring more than the recommended use level of various benzimidazoles for high-order efficacy. Numbers of larvae were estimated by counting multiple samples of larval suspensions in tap water, and each animal was infected per os with 5 ml of larval suspension containing the desired number.
On day 35, when the infections were patent, 15 infected sheep were randomly allotted to five treatment groups of three sheep each. The groups were randomly allotted to infected control (no treatment, two groups) or treatment with avermectin B,I at 0. (ii) Experiment 2: parenteral treatment for adult nematodes in cattle. Twelve Jersey calves raised parasite-free and weighing between 90 and 160 kg at the time of treatment were allotted to four groups of three calves each as for experiment 1. The calves were exposed to infection as described for sheep as follows: day 0, 1,000 0. radiatum; day 11, 2,000 D.
viviparus; day 16, 5,000 H. placei, 15,000 0. ostertagi, and 15,000 C. oncophora; day 18, 10,000 T. axei and 10,000 T. colubriformis. On days 42 to 44, calves were treated with avermectin B18 at dosages of 0.1, 0.05, or 0.025 mg/kg administered as subcutaneous or intramuscular injections of solutions in isopropyl myristate at the rate of 0.025 ml/kg. Injection sites were in the neck midway between the jaw and shoulder and slightly above the cervical vertebrae. The treated and untreated infected control calves were killed 7 days after treatment (days 49 to 51) and examined for residual burdens of gastrointestinal nematodes and lungworm as described above.
(iii) Experiment 3: oral activity against immature nematodes of cattle. Sixteen Jersey calves raised parasite-free and weighing between 75 and 125 kg were allotted to five groups of three calves each (the extra median calf was allotted at random to one group designated as untreated infected control) by restricted randomization based on body weight. On day 0, each calf was exposed to infection by oral administration of 5 ml of tap water containing 7,500 H. placei, 15,000 0. ostertagi, 10,000 T. axei, 10,000 T. colubriformis, 10,000 C. oncophora, 10,000 Cooperia punctata, 1,000 0. radiatum, and 2,000 D. viviparus infective third-stage larvae. At 8 days postinfection, two randomly selected groups of three calves each were treated with avermectin B18 as a single oral dose of a solution in sesame oil at 0.022 or 0.011 mg/kg at a volume of 0.1 ml of solution per kg. At 15 days postinfection, the remaining two groups of three calves each were treated similarly. At 35 days postinfection, the calves were killed and examined for residual worm burdens as previously described.
Dogs. Purebred beagle dogs, weighing 4 to 8 kg, were inoculated subcutaneously with an estimated 413 Ancylostoma caninum larvae each. Treatment was administered at 2 months after inoculation, the maturation of the hookworms having first been demonstrated in all dogs by the finding of hookworm eggs in the feces. Treatment was given as a single oral dose and consisted of avermectin B18 dissolved in a mixture of two parts of dimethylsulfoxide and one part of polyethylene glycol in a volume of 0.1 ml/kg of body weight. Each control dog received a corresponding volume of vehicle alone. The dogs were killed at 14 days after treatment. The entire small intestine was opened and examined for worms.
Poultry. Preliminary experiments indicated that all four major natural avermectins were active against mature Ascaridia galli infections in experimentally infected chickens (D. A. Ostlind and S. Cifelli, unpublished data). Subsequently, from a flock of chickens with natural helminth infections, 12 chickens were selected and assigned to four groups of three each, on the basis of balanced Capillaria obsignata infection (determined by fecal egg output) but with consideration also given to the presence of other nematodes. Table 3 . A dosage of <0.1 mg/kg per os was highly efficacious against all species or stages of development present. As indicated in Table 4 , the dose-limit- bEstimates with = or < preceding them are graphical approximations from the data of Table 3 ; all others are calculated point estimates from the respective regression equations.
ing parasite was adult C. oncophora for which an ED95 of 0.089 mg/kg was calculated by linearregression methods.
(ii) Experiment 2. The anthelmintic activity of avermectin B1a by parenteral injection against patent infections in cattle is summarized in aVWhere ' is the predicted number of worms at dosage X (milligrams per kilogram).
"Estimates with = or < preceding them are graphical approximations from the data of Table 5 ; all others are calculated point estimates from the respective regression equations. Reduction from control level due to treatment: P < 0.001. 'Reduction from control level due to treatment: P < 0.01. ued presence in the untreated infected controls at 35 days postinfection. Numerically, the compound would appear to be somewhat less efficacious against at least some 15-day-old worms, but only with C. oncophora could this be substantiated statistically. For both dosage levels, 8-day-old C. oncophora were significantly (P < 0.05) more responsive to treatment than were 15-day-old C. oncophora Oral administration of avermectin B1, to both sheep and cattle at dosages of 0.1 mg/kg produced excellent broad-spectrum anthelmintic activity against common gastrointestinal nematodes and lungworms. Comparable results, except for some loss of activity against C. oncophora, were demonstrated when avermectin Ba was administered parenterally to cattle.
The results of the small experiment conducted in dogs indicate that avermectin Bia is extremely potent against adult A. caninum. Additional small-scale trials (L. S. Blair and W. C. Campbell, in press) add further support to the conclusion that moderate to high efficacy against hookworms is achieved with a dosage of 0.005 mg/kg.
In naturally infected chickens, avermectin Bia was effective against adult C. obsignata and immature A. galli at dosages of 0.05 and 0.1 mg/kg, respectively. It was not effective against H. gallinarum at 0.1 mg/kg, but higher dosages have not been tested.
The results presented here show that the avermectins have potent activity against a wide range of nematodes in domestic animals. They are effective against both mature and immature worms, both hypobiotic and normal fourth-stage larvae, both benzimidazole-susceptible and benzimidazole-resistant nematode strains, and both intestinal and extra-intestinal forms. No grossly observable toxic reactions were noted in any animal treated with the efficacious levels of avermectin B1, in these experiments.
Our results, together with data showing efficacy against Trichinella spiralis, Syphacia obvelata, and Aspiculuris tetraptera (W. C. Campbell and L. S. Blair, in press), indicate that the anthelmintic activity of avermectins extends to at least eight families of nematodes: Filariidae, Oxyuridae, Trichinellidae, Trichuridae, Heterakidae, Metastrongylidae, Trichostrongylidae, and Strongylidae. Thus, the avermectins would appear to be natural products with an unprecedented potency and spectrum of anthelmintic activity.
